INTRODUCTION
IN order to understand better how tissues and organs become differentiated during development it is clearly important to investigate in detail the causes of change at cell level, where such differentiation must, ultimately, be initiated. From a cytological standpoint pollen mother cell tissue in anthers is admirably suitable for this purpose. One advantage is that pollen mother cells function, in respect of nuclear division at meiosis, more or less synchronously and thereby provide large populations of developmentally comparable cells for analysis. Such departure from synchrony that exists in their behaviour is measurable and is in itself useful for certain kinds of inquiry. Another advantage of this tissue is that the phenotypic variation which arises in individual cells during their development can easily be assessed cytologically for a considerable number of nuclear characters.
In earlier work on rye (Rees and Naylor, 1960) an investigation was made of variation in the chiasma frequency in pollen mother cells (p.m.c.) within anthers. It was found that one of the factors closely associated with this variation was the timing sequence in which cells entered division. Thus the first cells in an anther to reach metaphase-I had higher chiasma frequencies than those dividing later. On theoretical grounds (see Darlington, 1940) it is probable that the relation between the timing of division and this variation in chromosome behaviour is causal. If this is so it might then be expected that developmental variation in the timing sequence of cells undergoing meiosis might well affect other aspects of chromosome behaviour. To test this an investigation has been made of variation in spontaneous chromosome breakage in p.m.c. to discover what influence, if any, the timing of the divisions has upon its expression.
MATERIAL AND METHOD
Thep.m.c. investigated are from anthers of an inbred line, P13, which is known to exhibit a genotypically controlled chromosome breakage restricted to meiosis. The type of breakage has been described in detail elsewhere (Rees and Thompson, 1956 ). Briefly, the chromosomes break during early prophase before splitting, producing bridges with acentric fragments at first anaphase or during second division.
Breakage was scored in anthers from plants fixed on the same day. From about two hundred cells in each anther an estimate was made of the proportion of cells which had reached second division of meiosis or later, tetrad, stage. This proportion 427 provides a timing index (T.I.) of division for each anther. Low T.I. values represent anthers where only a small proportion, the earlier cells to divide, have reached second division ; high T.I. where later cells are included.
Breakage was next assessed as the proportion of these p.m.c. at second division and tetrad stage which contained acentric fragments. The reason for confining the estimate of breakage to second divisions and tetrads and for excluding the first anaphases, when the fragments are first shed, is that some fragments remain attached to centric arms at first anaphase and are consequently difficult or impossible to detect.
With these two kinds of information it is then an easy matter to determine whether breakage is in any way correlated with the sequence of cell division. regression analysis of variance given in table 2 shows a significant regression with a negative slope. There is no heterogeneity between plants with respect to this regression although the mean breakage varies significantly between different plants.
(ii) Variation within anthers
It is known from previous work on rye (Rees and Naylor, 1960) -o4o and -0 13 for sections i, 2, 3 and 4 respectively. In section 3, it appears, the rate of change of breakage on Ti. is greatest. In all sections, however, there is a consistently negative correlation between the breakage and T.I.
The amount of breakage in sections. From the analysis of variance in Table 4 it will be seen that the variation in mean breakage between different sections is not significant. This result in itself, however, is not conclusive and may be misleading because breakage varies with T.I. It follows therefore that comparisons of mean breakage in different sections are meaningful only if the section T.I.'s are similar.
Thus, when we consider the mean breakage at the same T.I., 90, for each section ( fig. 3 ) we see a considerable increase in mean fig. 4 , where the number of fragments per ioo pollen grains is plotted against sections.* The breakage frequencies were transformed to angles and in table 6 is the analysis of variance of the regression of breakage on sections in linear order from base to tip. The joint regression is highly significant and it is clear that the assumption of higher breakage in the distal segments is confirmed.
TABLE 5
The distribution of acentrk fragments in pollen grains. 'The number offragments per ioo pollen grains is given for each anther section From the graph in fig. 4 it will also be observed that the breakage in the later dividing sections is less than twice that in the earlier.
This compares with a fourfold decrease between early and late cells within sections. The latter gradient is the more severe, as indeed is to be expected from the results of analysing whole anthers where, it will be recalled, earlier dividing cells showed greatest overall breakage.
* If each p.m.c. contained not more than one fragment at meiosis the number of fragments in zoo pollen grains produced should be one-fourth of the percentage p.m.c. with breakage, viz. i. In fact an average of fragments are found in each ioo pollen grains.
The excess, in part at least, is explained by multiple breaks in some p.m.c. 100 Jfl.c. on average contain about i 30 fragments.
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4. DISCUSSION The chromosome breakage in Pi3 is genotypically controlled. As we have seen the expression of the genes which control this breakage conforms to a well defined pattern, one which is closely associated with and, one must suppose, dependent upon the changing cell environment during growth and development. In the first place the threshold for expression of these genes is restricted to the first prophase of meiosis. In the second place the breakage in p.m.c. varies in accordance with two well-defined gradients within the anthers. There is an increasing breakage from the basal, earlier dividing, sections of the anther to the distal, later dividing sections. And within these sections earlier dividing p.m.c. show greater breakage than those dividing later. The general pattern is summarised in fig. 5 . These are of course two ways in which the relation between breakage and the timing sequences could be interpreted, namely that the division sequence ofp.m.c. is determined by their chromosome breakage or that the breakage is determined by the division sequence. The former, however, can be dismissed because the division sequence of sections of rye anthers is identical in lines with and without chromosome breakage (ef. Rees and Naylor bc. cit.). There is every reason therefore to suppose that the timing sequence is a causal factor in determining the expressivity of these genes causing breakage. supply (see Rees and Naylor) and, in particular, to the diffusion of such material between cells during growth (see Darlington and Haque). The kind of relation described here between cell phenotype and the timing of cell division is certainly not uncommon. It has been established or inferred in a number of other species. P.m.c. delayed at meiosis in Allium (Darlington and Haque, Scilla (Rees, 1952) , Chrysanthemum (Dowrick, 1953) are cytologically abnormal, with asynapsis or chromosome breakage. In Uvularia an induced postponement of pollen grain mitosis causes abnormal cell wall formation (Barber, 1941) . Even the slight asynchrony of meiosis in p.m.c. of normal rye anthers is associated with variation in chiasma frequency (Rees and Naylor, 1960) . In wheat hybrids (Wagenaar, 1961) and Bromus hybrids (Walters, 1960) abnormality is also related to cell timing. Variation in recombination with ageing in female mice can be interpreted on the same basis (see Bodmer, 1961 , who gives other pertinent examples). And whereas most of this evidence relates to cytological variation in development there is of course no reason to suppose that the relation between the timing of cell division and gene expression is confined to chromosome characters. Rather it indicates that cytological analysis can be a most useful means of recognising and describing these developmental patterns and give, as well, some indication of their causes. 3. The relation between the division sequence of the cells and the expressivity of genes causing the breakage is inferred to be causal.
